From the trank heartwood of Morinda lucida four new anthraquinones, 3-hydroxyanthraquinone-2-carbaldehyde, morindone-5-methyl ether, munjistin methyl ester, damnacanthol-cu-methyl ether and two glycosides, soranjidiol 6-0-/?-primveroside and lucidin 3-0-ß-primveroside were isolated and identified by spectroscopic and chemical methods.
Morinda lucida (Benth.) grows in Central-and West Africa. The various parts of the tiee are reputed for their medicinal value [1, 2] and are used for dyeing purposes. As main constituents thirteen anthraquinones and two anthraquinols derived from the shikimate pathway have been isolated from wood, bark and roots [3] [4] [5] . Morindone(l,5,6-trihydroxy-2-methylanthraquinone) and soranjidiol-(l,6-dihydroxy-2-methylanthraquinone) were also isolated as 6-0-/?-primverosides [5] . From the leaves, oruwacin, a new iridoid ferulate was obtained [6] .
Since analytical thinlayer chromatography of crude extracts of the wood showed far more than the expected number of coloured bands, we decided to further investigate this plant.
Results and Discussion
Crushed and defated heartwood of Morinda lucida was extracted with methanol to obtain a mixture of anthraquinone glycosides, free aglycones and other polar material, which were separated by dry column chromatography on silica gel. The fraction of anthraquinones eluted from the front part of the column was further separated by dry column chromatography and subsequently by preparative layer chromatography. In addition to the known anthraquinones, identified by mass and proton NMR spectra, four new anthraquinones, 1-4 were isolated.
The X H NMR spectrum of the most lipophilic compound, C15H8O4, by high resolution mass spectroscopy, 3howed the characteristic, symmetrical multiplets (<5 7.85 and 8.35,4H) of an anthraquinone with one aromatic ring unsubstituted. Two aromatic protons appear as singlets at <5 7.84 and <5 8.67 and place an aldehydic function (d 10.18) and a hydroxy group (<5 11.4) in 2-and 3-position of the second ring as depicted in 1. Since 1 is an entirely new compound, we synthesised it from 3-hydroxy-2-hydroxymethyl anthraquinone [7] by manganese dioxide oxidation. All spectroscopic data as well as the melting point of 259 °C of synthetic and natural material were identical. From a biogenetic point of view 1 is closely related to 3-hydroxy-2-methylanthraquinone found in Rubiaceae and many other plant families [3] . Interestingly the corresponding 3-hydroxy-2-hydroxymethyl and 3-hydroxy-2-carboxylic acid derivative have not been found in nature until now.
The second more polar compound, C16H12O5, gave a X H NMR spectrum very similar to morindon; only a chelated hydroxy group is substituted by a methoxy group (6 4.02) . This is in good agreement with the structure of morindon-5-methylether (2). As expected H-8 ( <5 8.17) is shifted downfield by 0.45 ppm compared to morindon due to methylation of the para hydroxy group.
Further an anthraquinone, CieHioOe, was isolated, whose X H NMR spectrum indicated one aromatic ring to be unsubstituted, the other one to bear two chelated hydroxy groups (d 12.6 and 14.8) and an isolated aromatic proton at 6 7.39. From this and a methoxy signal at Ö 4.07 the structure of munjistin methyl ester (3) can be derived. The IR spectrum of 3 shows absorptions of a chelated and a nonchelated quinone carbonyl group (v 1625 and 1660 cm -1 ) and a chelated ester carbonyl group (v 1670 cm -1 ), the mass spectrum is dominated by the loss of methanol from the molecular ion. A similar cyclic fragmentation was observed in the mass spectra of o-hydroxy-benzoic acid esters however not with the isomeric o-methoxybenzoic acid as model Compounds. This eliminates the structure of munjistin-3-methyl ether for the isolated compound.
Finally another 1,2,3-trisubstituted anthraquinone, C17H14O5, was isolated with an aromatic proton singlet in the NMR spectrum at 5 7.68. Methoxy-and methylene signals at <5 3.48 and 4.73 indicated a 2-methoxymethyl group, whereas an aromatic methoxy group has to be placed in 1-position since there is no chelated carbonyl group observed. The resulting structure is damnacantholco-methyl ether 4.
It should be mentioned that 3 and 4 might be artefacts formed from munjistin resp. damnacanthol during extraction with methanol. Both compounds contain electron donating hydroxy-and methoxy groups stabilizing intermediate acylium ions or benzyl cations, which can be trapped by nucleophiles like methanol to give the ester resp. ether. Lucidin, certainly the most reactive compound in this respect, easily forms benzylic ether in boiling methanol or ethanol [3] . This alkylating power seems to be responsible for the extraordinary high mutagenic activity of these compounds in the AmesTest compared to 70 other anthraquinones [8] .
The mixture of anthraquinone glycosides obtained in the first dry column chromatography (see above), was further separated by preparative HPLC on RP-18 silica gel with methanol, water, acetic acid as eluent. As major components, in addition to spectra showing strong signals at m/e 571, 593 for 5 and 587, 603 for 6 as their sodium and potassium ion cluster. In the EI mass spectra only the molecular ions and typical fragmentations of the aglycones are observed. The complete structure of 5 and 6 as soranjidiol 6-0-/?-primveroside and lucidin 3-0-/9-primveroside can be deduced from the X H NMR spectra (see also Fig. 1 ). Both compounds show the expected signals for the aromatic protons and a chelated 1-hydroxy group at d 13.00, resp. 13.05. With 6 the signals of a hydroxy-methylgroup are observed as an ABX system at ö 4.56, 4.64 and 4.86. This proves that in 5 the 6-hydroxy group, in 6 the 3-hydroxy group is glycosylated as previously stated [5, 10] . The proton signals of the sugar part are almost identical in 5 and 6 and agree fairly well with that reported for cyanogenic primverosides [11] . Doublets for two anomeric protons at <5 5.09 and 4.15 with J = 7.5 Hz indicate /?-glycosidic linkages, doublets for all six hydroxy groups of the sugar part (J -4.5-5.5 Hz) prove the pyranose structure for xylose and the position of the intersugar linkage (Fig. 1 ).
Experimental
Material: Trunks (wood and bark) of Morinda lucida Benth. were collected around Yangambi (Zaire, Africa) in November 1978. The plants were identified by Prof. Dr. M. Hans (Free University of Bruxelles, Belgium), a specimen has been deposited at the Boranical Museum of Yangambi. Analytical and preparative TLC was performed on silica gel plates (Merck, DC-Alu-Folien 0.2 mm, PSC-Fertigplatten 2 mm, KG 60 F254), which were impreganted with oxalic acid. For dry column chromatography silica gel 0.06-0.2 mm (Merck) was used; columns were 30 mm in diameter and up to 3 m long. Reversed phase chromatography was performed at 5 to 10 bar on 40 X 420 mm columns packed with Lichrosorb RP-18 (10/mi, Merck) [12] Instruments: X H NMR spectra were run at 270 and 400 MHz on a Bruker WH 270 resp. WM 400 ; «C NMR spectra at 20 MHz on a Yarian CFT 20 (<5 in ppm, <5TMS. internal = 0); IR spectra on a Perkin Elmer 297, UV-VIS spectra on a Zeiss DMR 21, EI mass spectra on an AEI MS 9 (70 eV), FD mass spectra on an AEI MS 30 instrument. Optical rotations were determined with a Perkin Elmer 241 Polarimeter, melting points (uncorrected) were taken on a Kofler micro hotstage.
Extraction and separation
Air dried and coarsely powdered trunk heartwood (1 kg) was defated with petroleum ether (60-80 °C) and exhaustively extracted with methanol in a soxhlet. The concentrated methanol extract was fractionated by dry column chromatography (solvent system A). Anthraquinones (1.0 g) were eluted with methanol from the front, glycosides (12.3 g) from the middle part of the column. Further separation of the anthraquinones was achieved by dry column chromatography (solvent C) followed by preparative TLC (solvent system B and C). The individual bands were eluted and identified by NMR and mass spectroscopy. Anthraquinone glycosides were separated by column chromatography on RP-18 silica gel (solvent system D) and then Sephadex LH-20 (Methanol). The amounts of pure compounds to be expected from 1 kg wood are 0.20 g 1, 25 mg 2, 12 mg 3, 30 mg 4, 5 mg 5 and 36 mg 6. Since large quantities of material are being lost during the separation the actual amounts present in the wood are presumably much higher. 
Synthesis of 1
To 20 mg of 3-hydroxy-2-hydroxymethylanthraquinone [7] in 3 ml chloroform 100 mg manganese dioxide was added. After 1 h stirring at room temperature the solution was filtered and concentrated until the product crystallized, yield 14 mg (71%), m.p. 259 °C. 
